after infection with representatives of all known biological groups of viruses and members of all known virus groups have been shown to be susceptible. This mechanism, in contrast with immunological mechanisms, thus provides a very broad defence against invasion with viruses which are completely unrelated antigenically. Experiments with volunteers (Fleet et al. 1965) and epidemiological observations (Lidwell & Williams 1961) have shown that following a common cold there is an enhanced resistance to infection by other viruses and that this may last for some weeks. We have recently shown (Smorodintsev et al. 1968 ) that a variety of viruses which cause common colds all induce the formation of interferon in the respiratory secretions, and this may well be the reason for the general resistance just mentioned, although other mechanisms, such as resistance induced by the destruction of susceptible cells, may also play a part. On the other hand this resistance is likely to be much more short-lived than specific immune mechanisms whether mediated by circulating or locally produced antibody.
The interferon mechanism may also be linked with other defence mechanisms, in that it is inhibited by cortisone, while interferon is produced instead of virus when the temperature rises to fever height. On the other hand interferon production seems to be quite independent of antibody production. In general, avirulent viruses seem to be more sensitive to interferon or more likely to induce it than otherwise similar virulent strains. However, when detailed studies are made of some virus infections it is found that virulence is not necessarily due to failure of interferon production to be stimulated. There may be more interferon in a virulent infection, apparently because there is more virus to stimulate it; an example is the case of a virus multiplying in resistant and susceptible strains of mice (Vainio et al. 1961 ). More interferon was found in susceptible animals so that the hypothesis that the resistant animals could restrain the virus by producing more interferon was clearly wrong.
On the other hand there is good evidence that interferon is induced in animals in a wide variety of virus infections and it has been detected in the blood and secretions of man following natural as well as experimental infection. Furthermore, if interferon is induced by another virus infection or, less efficiently, is produced in the laboratory and administered, it is possible to prevent virus infections developing. This has been shown with cutaneous vaccinia infections in man, and a variety of experimental infections such as arbo-virus and influenza virus infections of mice and tumour viruses of birds and mice. To be effective interferon must be given before virus infection or shortly afterwards, but experiments are still proceeding with the object of producing a useful and practical degree of resistance to virus infection by the administration of interferon or interferon inducers. 
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Protective Immunity in Helminth Diseases
Human parasites such as hookworm, filaria and schistosomes are still a major cause of disease. In endemic areas, the incidence of infection in the human population does not increase with age; adult patients may harbour heavy worm infections which remain relatively stable in size in spite of continual re-exposure to infection. This suggests that patients already harbouring a worm infection are able to resist reinfection with the same parasite. Therefore there are two separate but related problems in immunity to helminths:
(1) How are the established worms able to remain in the host for long periods in the face of a battery of immune responses? There are some indications that parasites change within the host to avoid immunity. This change must be under phenotypic rather than genotypic control as worm populations do not multiply within their hosts. For example, when Schistosoma mansoni adult worms were transplanted from monkey to monkey they re-established successfully, but adult worms transplanted from mice to monkeys took some time to adapt to the monkey host. Worms transferred from mice into monkeys immunized with mouse antigens failed to re-establish and the outer layer of these worms was completely removed by the action of anti-'mouse' antibody.
From these and other experiments by Smithers et al. (1968) , it appears that adult schistosomes incorporate host material into their outer surface during their development. In clinical disease adult schistosomes persist for long periods, and this work of Smithers et al. (1968) suggests that the worms survive by incorporating host antigens during their development which effectively disguise them against the host immune response.
Another example is the alteration of Nippostrongylus brasiliensis within the rat. N. brasiliensis worms affected by host immunity after an initial infection are irreparably damaged, whereas worms maturing during a second infection in a partially immune host can revert to their original undamaged state if they are transplanted into normal rats. This suggests that worms maturing in a partially immune host can alter to prevent destruction by the existing host immunity (Ogilvie & Hockley 1968 ).
(2) What is the nature of the host's immune response which prevents reinfection ? The immune response to helminth infections is massive and varied but the majority of antigens whichstimulate this response are irrelevant in protective immunity (Soulsby 1962) . The most striking feature is the appearance of reagin-like antibodies, rarely found in other diseases, and it has quite reasonably been suggested that this singular response may provide a mechanism for worm expulsion (Ogilvie 1964) . At present, mechanisms of protective immunity can only be studied in vivo and therefore experimentally with parasites of laboratory animals. There are no in vitro methods for estimation of protection because parasites cannot be successfully cultured.
The following results come from our studies of protection against N. brasiliensis by the rat, specifically against the adult stage of this worm. A strong active immunity is stimulated by the living adult worms, although protective activity can be stimulated only rarely by vaccination with dead worm material. Passive immunity is less effective and less consistent than active immunity both with antiserum and with lymphoid cells. Only one-third of all antisera pools contained significant protective activity when tested by giving 6-10 ml antiserum to 200 g rats the day before infection. Similarly, lymphoid cells transferred from actively immune donors successfully protected recipients in only three of eleven experiments (Table 1) .
Furthermore the cells and antisera from donors which had had several infections were just as unreliable and ineffective as cells and antisera from donors given only one infection. From these results, we have concluded that no anamnestic rise in protective antibodies occurs in the host circulation after successive infections despite the rise of active protective immunity in all donors.
The poor immunization with antiserum probably results from a low level of protective antibodies. The equally poor immunization with lymphoid cells was unexpected and inexplicable as the cells should have established to initiate the formation of protective antibodies. Reagins were present in all pools of antisera except one and were consistently formed in recipients of cells so the presence of this type of antibody alone was insufficient to provide protection.
Protective antibodies have not yet been shown to have cytophilic properties. We attempted to absorb the protective activity of an antiserum against N. brasiliensis with normal rat lymphoid cells. This treatment did not reduce the protective activity of the serum.
The immunoglobulin classes of protective antibodies were determined by separation of protective antiserum by chromatography and gel filtration. A pool of antiserum taken four days after expulsion of a primary infection had no protective activity in the 19S yM although some protection was found with 7S antibodies. A serum component with protective activity and consisting entirely of rat y2-immunoglobulin was isolated from another pool of protective antisera taken from rats infected several times. This component had no reagin-like antibodies and no other anaphylactic properties which could be detected by passive cutaneous anaphylaxis (in which there was 5 or 72 hours delay between skin sensitization and intravenous injection of antigens). Other isolated components also contained protective activity but consisted of yiand y,immunoglobulins and reagins in varying proportions and also other serum proteins. This demonstration of passive protection with 7Sy2-globulin in the absence of reagins was confirmed by unexpectedly finding one pool of antiserum which had protective activity but no reagins. From these results it appears that reagins are not essential for passive protection; this is not consistent with earlier speculation.
The immunoglobulins required for protection have been determined for only one other helminth. In the guinea-pig, 7Sy1-antibodies, but not 7Sy2-antibodies, were protective against Dictyocaliluts viviparus, and only the 7Sy,-antibodies had anaphylactic activity (Wilson 1966) . We do not know if this anaphylactic activity was essential for protection.
yA may have a protective function in helminth infections at mucous surfaces in particular, but there is no direct evidence for this. Passive protection of young rats against N. brasiliensis infections, with milk from their immune mothers, was as unpredictable as passive immunity in adult rats, but protection was more marked after prolonged suckling (Jones & Ogilvie 1967) . Young rats absorbed immunoglobulins from milk until 20 days after birth. These results indicated that milk early in lactation was not a particularly rich source of protective immunity. Rat yA may have been protective, assuming its presence in rat colostrum, but if so, it was no more efficient in milk than the y2-antibodies in serum. Passive protection is much less powerful and efficient than active immunity and it is questionable if passive immunity reflects all aspects of active immunity.
Studies on infections with several parasites, especially N. brasiliensis, have shown that there is a massive accumulation of mast cells at the site of host/parasite interaction during the period of worm expulsion (Jarrett, Jarrett, Miller & Urquhart 1968 , Murray etal. 1968 ). Both mast cell accumulation and worm expulsion are suppressed when rats are treated with massive daily doses of cortisone derivatives (Jarrett, Jarrett, Miller & Urquhart 1968 ) and both phenomena are greatly reduced in neonatally infected rats . Even so, the worms which persist in neonates are irreparably damaged by host immunity at the same time and to the same extent as worms which are expelled from adult rats (Ogilvie & Hockley 1968 ). These results together provide some evidence that mast cells are in some way involved in worm expulsion; possibly an anaphylactic reaction (in which reagins may be important) takes place in the small intestine before damaged worms are expelled.
There is no conclusive evidence that cellular reactions of the delayed cellular or homograft type have a role in protection against any helminth, but neither can these mechanisms be excluded from a role in active immunity. Protection has been transferred to recipients with cells from isologous immune donors in some host/ parasite systems (Larsh et al. 1964 , Dineen & Wagland 1966 but in each of these systems there is also evidence for the presence of circulating antibodies (Hendricks 1953 , Connan 1965 . The work of Dineen & Wagland (1966) suggests that there may be different mechanisms acting against worms at different stages in their life cycle. They found that cells would passively protect guineapigs against the larval but not against the adult stages of Trichostrongylus colubriformis. In many host/parasite systems protective immunity cannot be investigated by this approach because passive immunity has never been demonstrated. When passive protection can be demonstrated, its action needs to be carefully compared with that of active immunity. Furthermore, the mechanisms which eliminate initial infections may differ from those acting against reinfections, because the damage to N. brasiliensis worms differs in the two situations (Ogilvie & Hockley 1968) .
Our present knowledge of protective immunity directed against adult N. brasiliensis in the rat can be summarized as follows: Passive immunization has been achieved sometimes with antiserum and with sensitized cells. There is unequivocal evidence that 7Sy2-antibodies alone will give passive protection but yM antibodies taken after a primary infection did not protect. Reagins (possibly equivalent to yE in man), yA and delayed mechanisms of the homograft type are not essential for protection, but none of these immune responses has yet been excluded from a possible secondary role. There is some evidence that mast cells are involved in worm expulsion in active immunity.
The most probable interpretation of these results is that two distinct mechanisms are involved in immunity to adult N. brasiliensis. First, worms are damaged by the action of antibody and, second, the worms may be expelled. Obviously, we are still some way from a complete explanation of how worms are expelled from the intestine and why protective antibodies can be detected in the circulation only sporadically. Postscript (29.1.69) A recent result suggests that successful passive immunization with antiserum may require an active contribution by the recipients. (Taliaferro & Mulligan 1937 , Adler 1963 are characteristic responses to most pathogenic protozoa, but because protozoan life cycles are so complex it is extremely difficult to evaluate the specificity and protective effect of these reactions. During the course of a single infection a parasite may appear in many forms which differ in structure, physiology, antigenicity and their location within the host (see review by Brown 1967) . The problem is well illustrated by the life cycle of the malaria parasite. Sporozoites inoculated by mosquitoes invade liver parenchyma cells to produce exo-erythrocytic schizonts. On rupturing, these release short-lived merozoites which penetrate erythrocytes to develop into erythrocytic schizonts or microor macrogametes; the schizont-infected cells ultimately burst to release further merozoites. All these stages have distinctive microscopic and ultrastructural appearance and the immunogenic properties of the sporozoites, exo-erythrocytic forms and erythrocytic forms are known to be different (Richards 1966 , Shortt & Gamham 1948 . Detailed examination of the intracellular stages shows that the position is yet more complicated. Initially the parasitized cell appears structurally normal, but as the parasite develops the internal organization of the host cell is progressively destroyed. In erythrocytes infected with the simian malaria parasite Plasmodium knowlesi, parasite maturation and disruption of the contents of the host cell coincide with the appearance of parasite antigen on the red cell membrane, and the parasitized cells become susceptible to agglutination and opsonization by serum from immune animals. Thus the asexual form is not only immunogenically different from the sporozoite and exo-erythrocytic stages (and possibly gametocyte also), but an erythrocyte containing a mature asexual parasite is affected by antiserum in a way that a red cell containing an immature parasite is not. This immunogenic diversity is complicated enough, but at least the various forms can be distinguished microscopically and they can to some extent be studied in isolation. The difficulties are further compounded, however, by the capacity of the erythrocytic asexual stage of at least one species of malaria, P. knowlesi, to undergo repeated antigenic variation in a single chronic infection. A succession of antigenically distinct populations develop and each is in turn destroyed by a specific immune response (Brown & Brown 1965 , Brown et al. 1968 ). Variation of this type was first described in African pathogenic trypanosomes by Rodet & Vallet (1906) , and it may well be common to many protozoa.
In view of their extraordinary antigenic diversity and lability, it is hardly surprising that protozoal infections usually result in high immunoglobulin levels and intense cellular activity. By the same token, it is virtually impossible to design experiments capable of evaluating with any degree of confidence how much of this response is parasite specific.
In a purely erythrocytic P. knowlesi infection, the antigenic stimulus by successive antigenic variants plays an undoubted part in the intense humoral and cellular response to this infection. Parasites remain continuously in the blood for many months largely because of their antigenic variability. Nevertheless, recent experiments designed to extend the original observations of Freund et al. (1948) have shown that this response can be profoundly modified by immunizing monkeys with dead schizont-infected cells in complete Freund's adjuvant. When challenged, these monkeys carried parasites for two or three weeks only. In other words, they developed an immunity which completely transcended the parasite's capacity for variation; immunization with incomplete adjuvant or by drug-cured
